Study objectives -Measuring socioeconomic deprivation is a major challenge usually addressed through the use of composite indices. This paper aims to clarify the technical details regarding composite index construction. The distribution of some variables, for example unemployment, varies over time, and these variations must be considered when composite indices are periodically re-evaluated. The process of normalisation is examined in detail and particular attention is paid to the importance of symmetry and skewness of the composite variable distributions. In the fields of public health, epidemiology and the social sciences, the development and application of composite indices is becoming increasingly common. Abstract measures, in the form of scales or ratios, are invaluable in quantifying conditions that would otherwise require a more qualitative or descriptive approach. To some, this aspiration to denote complex conditions numerically is considered perverse; their concerns are that these abstractions lead to the index becoming the main focus with the real issues being side stepped.' However, to proceed with much research work in the aforementioned fields, many aspects of our society have been quantified in this manner.
index construction. The distribution of some variables, for example unemployment, varies over time, and these variations must be considered when composite indices are periodically re-evaluated. The process of normalisation is examined in detail and particular attention is paid to the importance of symmetry and skewness of the composite variable distributions. Design -Four different solutions of the Townsend index of socioeconomic deprivation are compared to reveal the effects that differing transformation processes have on the meaning or interpretation of the final index values. Differences in the rank order and the relative separation between values are investigated.
Main results -Constituent variables which have been transformed to yield a more symmetric distribution provide indices that behave similarly, irrespective of the actual transformation methods adopted. Normalisation is seen to be of less importance than the removal of variable skewness. Furthermore, the degree of success of the transformation in removing skewness has a major effect in determinIiing the variation between the individual electoral ward scores. Constituent variables undergoing no transformation produce an index that is distorted by the inherent variable skewness, and this index is not consistent between re-evaluations, either temporally or spatially. Conclusions -Effective transformation of constituent variables should always be undertaken when generating a composite index. The most important aspect is the removal of variable skewness. There is no need for the transformed variables to be normally distributed, only symmetrically distributed, before standardisation. Even where additional parameter weights are to be applied, which significantly alter the final index, appropriate transformation procedures should be adopted for the purpose of consistency over time and between different geographical areas. In the fields of public health, epidemiology and the social sciences, the development and application of composite indices is becoming increasingly common. Abstract measures, in the form of scales or ratios, are invaluable in quantifying conditions that would otherwise require a more qualitative or descriptive approach. To some, this aspiration to denote complex conditions numerically is considered perverse; their concerns are that these abstractions lead to the index becoming the main focus with the real issues being side stepped.' However, to proceed with much research work in the aforementioned fields, many aspects of our society have been quantified in this manner.
Quantifying complex conditions or circumstances not only enables comparisons to be made, but also facilitates the development of theories and formulas. Examples of this are seen in the investigation of socioeconomic deprivation and its impact upon the health needs of a population.2-" Measuring deprivation is a major challenge to researchers, and the published reports record many varied approaches. 4 15 Nearly all resort to the creation of a composite index, although some argue for the use of a single variable such as unemployment. 6' 7 To measure any one social characteristic there are many variables that could be used. Constituent variables are deliberately chosen for their association to the subject matter under study, and often large intercorrelations exist between them. Deprivation indices are usually derived from a combination of small area statistics (SAS), extracted from OPCS census data.'8 The additive normal process allows the useful combination of these variables. The combination of different variables could yield a wide range of composite indices that might disagree vastly in absolute score. However, it is not the intention of this study to question the choice of constituent variables but to examine more closely the construction of any single index.
If the distribution of a constituent variable is skewed, the measure of its dispersion, the SD, is exaggerated. In such instances, applying standardisation will result in a distortion of the perceived relative differences across this variable when compared with others. Within the additive normal process, the crude variables are normalised to yield a more symmetric distribution before standardisation is applied. However, the various normalisation procedures applied to each variable could effect the final index distribution. When an index is to be used within formulas, the distribution or range of values is of greater importance. Often emphasis is placed on the relative difference, or the rank order, ofindex values, rather than their absolute magnitude.
This paper investigates the process of normalisation in detail through examining a commonly used deprivation index that is generated using the additive normal process, namely the Townsend index of socioeconomic deprivation. 8 In particular, the effects upon the rank order and the relative differences across the index are examined. For each of the three transformations, the offsets were altered slightly, and improvements in skewness and kurtosis were noted. In turn, each function is optimised by the adjustment of the offset parameter. This is achieved entirely by "trial and error", with attention also being paid to the range of transformed values. If the value range is extremely small, this solution is rejected and another is sought. This is to avoid having to apply standardisation to very small numbers. A trial may begin with an offset of say "one") and the resulting variation in skewness is observed. Those In some studies, the composite indices are banded. [23] [24] [25] In these instances it is necessary to know how much the transformations can cause individual values to be placed into different bands. To examine this, the four solutions are aggregated into bands containing roughly equal numbers of wards. Ten bands of around 83 wards are chosen, corresponding to band widths ranging from 5-06, 4 94, 6 99, and 15 80 at the extremes of the distribution, to 0-88, 0-89, 0 84, and 0-80 around the mean Townsend value of zero, for the standard, alternative, WMRID, and crude solutions, respectively. The latter three solutions are differenced from the standard, and these differences are ordered according to the standard index rank order and plotted in figure 2.
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Results
The two solutions chosen to satisfy the criteria of zero skewness and minimal kurtosis have undergone substantially different transformations. Despite this, it is clear from figure 1 figure 2 . Clearly, some wards are being placed in different bands depending upon the transformation procedures adopted in generating the index. It is particularly important to notice the number of peaks and troughs across each plot. The alternative solution (variable skewness fully removed) places six wards into neighbouring bands from those of the standard solution, which results in disagreement in rank order on only three occasions. The other solutions illustrate more numerous differences and there is considerable disagreement in the rank order and the relative position of many ward values, across the entire range of Townsend values. Discussion Standardisation is generally acknowledged as an equitable process for combining several variables. Without it, disproportionate scales and ranges will give undue prominence to some variables at the expense of others. Even when the composite variables are uniformly expressed as percentages, the overall magnitude and range of each can differ greatly. Although usually resolved through "normalisation" and standardisation, this process has been challenged.22 It has been stated that there is no inference from the index that an approximately normal distribution is required, and therefore it would be unreasonable to alter the original variables in this manner. However, it is the process of standardisation, and not the distribution of the final index, that vindicates the necessity of transformed constituent variables. Even after applying the additive normal process, the standard solution index has a skewness of 0 33 and kurtosis of -040.
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The issue hinges on the desire to avoid giving undue prominence to some variables at the expense of others. The argument against transforming all variables to give equal weight to each is that the unweighted combination of the chosen parameters generates a better measure of that originally sought. If the property of skewness within a variable is to be deliberately exploited, the amalgamation of this variable with others may be better achieved without transformation (or without standardisation). However, this approach shows no methodological consistency, either temporally or spatially. It might be preferable to explore the properties associated with a skewed variable through its sole use, and not in composite form. '6 The inclusion of parameter weights, as used by Jarman, yields a specially tailored index for which standardisation and therefore the removal ofvariable skewness are a prerequisite.' This is because, irrespective of the rationale behind their derivation, the Jarman weights must be applied to a set of variables that would have initially yielded an equal contribution to the final index. The additive normal process is therefore an appropriate method by which the Jarman index is generated, providing that sufficient care is taken over the removal of skewness. (fig 1) even where consistency in rank order is maintained (fig 2) . It is the distribution skewness, and not normality, that remains at the centre of the variable transformation debate.
Evaluation of a composite index may potentially introduce information that is purely an artefact of the chosen variable transformations. Careless choice of variable transformations can effectively colour the index. This has considerable implications upon the application of any formula that uses the absolute index values or their relative differences. In instances where a simple measure of socioeconomic deprivation is needed the crude Townsend solution may suffice, thus avoiding the need for a protracted transformation procedure. However, when an index informs policy decisions (or is used within formulae), a more precise algorithm must be adopted. This is particularly relevant where importance is placed upon individual ward scores, as these may vary considerably, depending upon the transformation processes adopted. The 17 census statistics extracted from the  Manchester database are: S080012, S080021,  S080078, S080087, S080166, S080174,  S080175, S080232, S080240, S080241,  S210002, S210003, S230001, S230003 
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The four constituent variables are normalised to produce variables Ni ... N4, respectively. These are standardised, for example SI =(Nl-"mean of N1")/("SD of Ni"). The composite index score is produced through the addition of these parameters: Tindex = S I + S2 + S3+S4. For the purposes of this study, the index is standardised for WMRHA; hence these Townsend scores show deprivation relative to all wards in the West Midlands Region.
Appendix B SKEVWNESS
A measure of skewness (s) characterises the degree of asymmetry of a distribution around its mean value, and is given by: s (n-l)(n-2) SD where n is the number of distribution values (n must be >2); xi (i=1,..,n) are individual distribution values; x is the mean value; and SD is the distribution standard deviation, which must not equal zero. A distribution with zero skewness is symmetric about the mean.
KURTOSIS
The kurtosis (k) of a data set measures a distribution's relative peakedness or flatness, indicating "heavy-tails" or clumped distributions. A kurtosis greater than zero is referred to as leptokurtic; a kurtosis less than zero is referred to as platykurtic. The kurtosis is given by: k 1 n(n+ 1) 8Xi-_i4l 3(n-I) 2 {(n-1)(n-2)(n-3)zi.V SD J { (n-2)(n-3)
where n is the number of distribution values (n must be greater than three); xi (i=1,..,n) are individual distribution values; x is the mean value; and SD is the distribution standard deviation, which must not equal zero. A distribution with zero kurtosis is normally distributed. 
